
(12) United States Patent 
Peng et al. 

USOO9456415B2 

US 9,456.415 B2 
Sep. 27, 2016 

(10) Patent No.: 
(45) Date of Patent: 

(54) PHYSICAL-LAYER CELL IDENTITY (PCI) 
PARTITION FOR HETEROGENEOUS 
NETWORKS 

(75) Inventors: Yuefeng Peng, Beijing (CN); Yujian 
Zhang, Beijing (CN); Kamran 
Etemad, Potomac, MD (US); Yuan 
Zhu, Beijing (CN); Mo-Han Fong, 
Sunnyvale, CA (US) 

(73) Assignee: INTEL CORPORATION, Santa Clara, 
CA (US) 
Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 681 days. 

(21) Appl. No.: 13/538,775 

(*) Notice: 

H04W 76/048 (2013.01); H04W 76/064 
(2013.01); H04B 7/0613 (2013.01); H04L 

12/189 (2013.01); H04L 25/0204 (2013.01); 
H04W 28/10 (2013.01); H04W 48/12 

(2013.01); H04W 52/244 (2013.01); H04W 
52/365 (2013.01); H04W 52/54 (2013.01); 

(Continued) 
(58) Field of Classification Search 

None 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

8,588,139 B2 11/2013 Etemad 
(22) Filed: Jun. 29, 2012 8,843,139 B2 * 9/2014 Yu et al. ....................... 455,444 
(65) Prior Publication Data (Continued) 

US 2013 FOO83744 A1 Apr. 4, 2013 

Related U.S. Application Data 
(60) Provisional application No. 61/542,086, filed on Sep. 

OTHER PUBLICATIONS 

3GPP: 3' Generation Partnership Project; Technical Specification 
Group radio Access network: Evolved Universal Terrestrial Radio 
Access (E-UTRA); Physical Channels and Modulation; 3GPP TS 

30, 2011. 36.211 v10.1.0; Mar. 2011; 103 pages; Release 10. 
(51) Int. Cl. (Continued) 

H04W 4.8/6 (2009.01) 

H04752/02 (2009.01) Primary Examiner — Timothy J. Weidner 
(Continued) (74) Attorney, Agent, or Firm — Thorpe North & Western 

(52) U.S. Cl. LLP 
CPC ....... H04W 52/0222 (2013.01); H04B 7/0456 

(2013.01); H04B 7/0615 (2013.01); H04B 
7/0619 (2013.01); H04L 5/0032 (2013.01); 

H04L 5/0037 (2013.01); H04L 45/245 
(2013.01); H04L 47/41 (2013.01); H04W 4/06 

(2013.01); H04W 4/08 (2013.01); H04W 
28/042 (2013.01); H04 W 36/0005 (2013.01); 

H04W 48/16 (2013.01); H04W 48/18 
(2013.01); H04W 52/0235 (2013.01); H04W 
52/04 (2013.01); H04W 72/005 (2013.01); 
H04W 72/042 (2013.01); H04W 72/082 

(2013.01); H04W 72/1215 (2013.01); H04W 
72/1278 (2013.01); H04W 72/1294 (2013.01); 

(57) ABSTRACT 
Technology for partitioning Small cell physical-layer cell 
identities (PCI) at a node in a heterogeneous network 
(HetNet) is disclosed. One method can include the node 
identifying at least one small cell PCI of a plurality of small 
cells in a macro cell. Each small cell PCI can be associated 
with a low power node (LPN) in the HetNet. The node can 
generate a small cell PCI list to include the at least one small 
cell PCI. The node can broadcast the small cell PCI list to a 
wireless device. 

27 Claims, 6 Drawing Sheets 

()-- -(?) 24- eaia 
s --> * 

( ) 
Wireless Low Power 

Magnose Device Node 
230 220 

------------ --------- ------------ 
PC PC PC 

Partitioning Searching Partitioning 
Device Device Device 
712 732 722 

| Downlink : Downlink | Downlink Broadcasting Receiving Broadcasting 
Module : Module Module 

18 34 28 

c c c 
| Partitioning : Searching | Partitioning : 
| Module || Module : | Moyle || 

Lt. EL is : 124 ------------ --------- ------------ 
Timing : 
Module 738 : 

:---------- 
- - - - - - - - - - - - - 



US 9,456.415 B2 
Page 2 

(51) Int. Cl. HO4W 52/24 (2009.01) 
H04B 7/06 (2006.01) HO4W 52/36 (2009.01) 
H04B 7/04 (2006.01) HO4W 48/12 (2009.01) 
H04L 2/89 (2013.01) (52) U.S. Cl. 
H04752/04 (2009.01) CPC ....... H04W 72/0426 (2013.01); H04W 84/042 
H04L 5/00 (2006.01) (2013.01); Y02B 60/50 (2013.01) 
H047 72/04 (2009.01) 
H04W 4/08 (2009.01) (56) References Cited 
H04.736/00 (2009.01) 
H04W 28/04 (2009.01) U.S. PATENT DOCUMENTS 

E. To CR 9,107,182 B2 * 8/2015 Kwun ................... HO4W 72fOO 
( .01) 9,204,354 B2 * 12/2015 Chen ..................... HO4W 36.30 

H04W 72/12 (2009.01) 2012fO26444.0 A1* 10/2012 Koskela et al. .............. 455,450 
H04W 76/04 (2009.01) 
H04L 2/709 (2013.01) 
H04W 48/18 (2009.01) OTHER PUBLICATIONS 

H047 72/08 (2009.01) 3GPP: 3' Generation Partnership Project; Technical Specification 
H04W 76/06 (2009.01) Group Radio Access Network: Evolved Universal Terrestrial Radio 
HO4W 84/04 (2009.01) Access (E-UTRA); Radio Resource Control (RRC); Protocol speci 
HO4W 52/54 (2009.01) fication; 3GPP TS 36.331 v10.1.0: Mar. 2011; 290 pages; Release 
HO4L 12/18 (2006.01) 10. 
HO4L 25/02 (2006.01) 
HO4W 28/10 (2009.01) * cited by examiner 



U.S. Patent Sep. 27, 2016 Sheet 1 of 6 US 9,456.415 B2 

Macro Cell 
212 

Wireless 
Device 
230 Small Cell 

222 

FIG. 1 

  

    

  

  

      

    

  





U.S. Patent Sep. 27, 2016 Sheet 3 of 6 US 9,456.415 B2 

500 N 

Receiving a small cell PCI label from 
a serving node at a wireless device, 
Wherein the Small Cell PC label 

identifies at least One Small Cell PC 510 
to Search and each Small Cell PC is 
associated with a low power node 

(LPN). 

Generating a small cell PCI list to 
include the at least One Small Cell 520 

PC. 

Broadcasting the small cell PCI list 
from the node to a Wireless device to 
reduce a number of Small Cell PC 

Candidates for the Wireless device to 530 
Search to the Small Cell PCS in the 

Small Cell PCI list. 

FIG. 4 

  



U.S. Patent Sep. 27, 2016 Sheet 4 of 6 US 9,456.415 B2 

600 N 

Receiving a small cell PCI list from a 
Serving node at a wireless device, 
Wherein the Small Cell PCI list 

identifies at least One Small Cell PC 610 
to Search and each Small Cell PC is 
associated with a low power node 

(LPN) in the HetNet. 

620 
Searching a reduced number of PCls 

based On the Small Cell PCI list. 

FIG. 5 

  



U.S. Patent Sep. 27, 2016 Sheet S of 6 US 9,456.415 B2 

Wireless LOWPOWer 
Device Node 

Partitioning Searching Partitioning 
Device Device Device 
712 732 722 

DOWnlink DOWnlink DOWnlink 
Broadcasting Receiving Broadcasting 

Module Module Module 
716 734 726 

PC PC PC 
Partitioning Searching Partitioning 
Module Module Module 

714. 736 724 

  



U.S. Patent Sep. 27, 2016 Sheet 6 of 6 US 9,456.415 B2 

Multiple 
Antennas 

Non-Volatile 
Memory Port 

Liquid Crystal Display 
Speaker (LCD) Screen and/or Speaker 

Touch Screen Display 
- - - - - - - 

| Application 
Processor 

- - - - - - - - 

Graphics 
Processor 

----------- 
------------- keyboard 
----------- y 
- ----- - 

Microphone 

FIG. 7 

  



US 9,456.415 B2 
1. 

PHYSICAL-LAYER CELL IDENTITY (PCI) 
PARTITION FOR HETEROGENEOUS 

NETWORKS 

RELATED APPLICATIONS 

This application claims the benefit of and hereby incor 
porates by reference U.S. Provisional Patent Application 
Ser. No. 61/542,086, filed Sep. 30, 2011. 

BACKGROUND 

Wireless mobile communication technology uses various 
standards and protocols to transmit data between a node 
(e.g., transmission station) and a wireless device. Some 
wireless devices communicate using orthogonal frequency 
division multiple access (OFDMA) in a downlink (DL) 
transmission and single carrier frequency division multiple 
access (SC-FDMA) in an uplink (UL) transmission. Stan 
dards and protocols that use OFDM and SC-FDMA modu 
lation for signal transmission include the third generation 
partnership project (3GPP) long term evolution (LTE), the 
Institute of Electrical and Electronics Engineers (IEEE) 
802.16 standard (e.g., 802.16e, 802.16m), which is com 
monly known to industry groups as WiMAX (Worldwide 
interoperability for Microwave Access), and the IEEE 
802.11 standard, which is commonly known to industry 
groups as WiFi. 

In 3GPP radio access network (RAN) LTE systems, the 
node can be a combination of Evolved Universal Terrestrial 
Radio Access Network (E-UTRAN) Node Bs (also com 
monly denoted as evolved Node Bs, enhanced Node Bs, 
eNodeBs, or eNBs) and Radio Network Controllers (RNCs), 
which communicate with a wireless device (e.g., mobile 
device), known as a user equipment (UE). A downlink (DL) 
transmission can be a communication from the node station 
(or eNodeB) to the wireless device (or UE), and an uplink 
(UL) transmission can be a communication from the wire 
less device to the node. 

In homogeneous networks, the node, also called a macro 
node, can provide basic wireless coverage to wireless 
devices in a cell. The cell can be the area in which the 
wireless devices are operable to communicate with the 
macro node. Heterogeneous networks (HetNets) are used to 
handle the increased traffic loads on the macro nodes due to 
increased usage and functionality of wireless devices. Het 
Nets can include a layer of planned high power macro nodes 
(or macro-eNBs) overlaid with layers of lower power nodes 
(micro-eNBs, pico-eNBs, femto-enBs, or home eNBs 
HeNBs) that can be deployed in a less well planned or even 
entirely uncoordinated manner within the coverage area 
(cell) of a macro node. The lower power nodes (LPNs) can 
generally be referred to as “low power nodes' or small cells. 
The macro node can be used for basic coverage, and the low 
power nodes can be used to fill coverage holes, to improve 
capacity in hot-Zones or at the boundaries between the 
macro nodes coverage areas, and improve indoor coverage 
where building structures impede signal transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the disclosure will be apparent 
from the detailed description which follows, taken in con 
junction with the accompanying drawings, which together 
illustrate, by way of example, features of the disclosure; and, 
wherein: 
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2 
FIG. 1 illustrates a diagram of a wireless device in a 

macro node area moving into a small cell area in accordance 
with an example; 

FIG. 2 illustrates a diagram of a mobility control infor 
mation element (IE) SmallCellPhysCellIdRange in accor 
dance with an example: 

FIG. 3 illustrates a diagram of a radio resource control 
(RRC) information element (IE) system information block 
(SIB) type 4 with a intraFreqNeighSmallCellPhysCell IdList 
field in accordance with an example: 

FIG. 4 depicts a flow chart of a method for partitioning 
small cell physical-layer cell identities (PCI) at a node in 
heterogeneous network (HetNet) in accordance with an 
example; 

FIG. 5 depicts a flow chart of a method for searching a 
reduced number of small cell physical-layer cell identity 
(PCI) candidates in a search pool at a wireless device in a 
heterogeneous network (HetNet) in accordance with an 
example; 

FIG. 6 illustrates a block diagram of a wireless device and 
a node in accordance with an example; and 

FIG. 7 illustrates a diagram of a wireless device in 
accordance with an example. 

Reference will now be made to the exemplary embodi 
ments illustrated, and specific language will be used herein 
to describe the same. It will nevertheless be understood that 
no limitation of the scope of the invention is thereby 
intended. 

DETAILED DESCRIPTION 

Before the present invention is disclosed and described, it 
is to be understood that this invention is not limited to the 
particular structures, process steps, or materials disclosed 
herein, but is extended to equivalents thereof as would be 
recognized by those ordinarily skilled in the relevant arts. It 
should also be understood that terminology employed herein 
is used for the purpose of describing particular examples 
only and is not intended to be limiting. The same reference 
numerals in different drawings represent the same element. 
Numbers provided in flow charts and processes are provided 
for clarity in illustrating steps and operations and do not 
necessarily indicate a particular order or sequence. 
Example Embodiments 
An initial overview of technology embodiments is pro 

vided below and then specific technology embodiments are 
described in further detail later. This initial summary is 
intended to aid readers in understanding the technology 
more quickly but is not intended to identify key features or 
essential features of the technology nor is it intended to limit 
the scope of the claimed Subject matter. 

In some scenarios, the heterogeneous network (HetNet) 
can provide higher capacity service to wireless devices over 
homogeneous networks. The HetNet can provide seamless 
connection and robust mobility to the wireless device from 
a macro cell (e.g., macro node) to a small cell (e.g., LPN) 
and back to the macro cell. A small cell can refer to a low 
power node (LPN) like a remote radio head (RRH), a pico 
node, a home eNB (HeNB), or a relay node. 
A wireless device can use reference signals to determine 

when the power or quality of communication with the macro 
node is too low, which can indicate that communication may 
be transferred or handed over to another node, such as a 
LPN, for better communication. For example, when a pri 
mary cells (PCells) reference signal received power 
(RSRP) or reference signal received quality (RSRO) is 
lower than a threshold value, the wireless device (e.g., UE) 
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can search physical-layer cell identities or physical cell 
identifiers (PCIs) from large pool of candidates (e.g., 504 
PCIs in LTE) and choose one or several neighbor cells to 
perform measurements (e.g., RSRP or RSRO) on. In a 
HetNet, the RSRP measured from a small cell can vary 
quickly compared with the RSRP measured from a macro 
cell, especially with a moving wireless device. In an 
example, when the wireless device is moving towards Small 
cell, the wireless device can suffer high radio link failure rate 
before a small cell can be discovered, especially in cases 
when the wireless device moves with medium or high speed. 
Reducing the PCI(s) search time for nodes (e.g., small cells) 
in HetNets can improve wireless device connectivity as 
wireless device moves towards small cells. 

FIG. 1 illustrates a wireless device 230 moving towards a 
small cell 222 in a HetNet. In a HetNet, a small cell 222 
(e.g., LPN 220) can have smaller coverage compared with 
the macro cell 212 (e.g., 210). When the wireless device in 
communication 250 with the macro node moves towards the 
small cell (i.e., further away from the macro node with less 
signal strength), the PCell's RSRP or RSRO can become 
lower than a threshold value (e.g., a predefined S-measure). 
When PCells RSRP or RSRO becomes lower than a thresh 
old value, the wireless device can start searching PCIs from 
large number of candidates to find another node with higher 
RSRP or RSRO values. Each cell (e.g., macro cell or small 
cell) can have a single PCI. After searching the PCI, the 
wireless device can select one or several neighbor cells to 
perform measurements (e.g. RSRP or RSRO) on. A longer 
PCI search time can increase a connection drop probability 
with the wireless device. 

Since small cells can share the same PCI space of the 
macro cells, the wireless device may search 504 PCIs to find 
small cells in a macro cell. In LTE, the PCI space can have 
504 unique physical-layer cell identities (PCIs). The physi 
cal-layer cell identities can be grouped into 168 unique 
physical-layer cell-identity groups, where each group can 
contain three unique identities. The grouping can be such 
that each physical-layer cell identity can be part of one 
physical-layer cell-identity group. A physical-layer cell 
identity N'-3N,+N) can be uniquely defined by a 
number N' in the range of 0 to 167, representing the 
physical-layer cell-identity group, and a number N, in 
the range of 0 to 2, representing the physical-layer identity 
within the physical-layer cell-identity group. Stated another 
way, the physical cell identity N' can be defined as 
N'-3N,+N’. N' can be a physical layer cell 
identity group (0 to 167), N can be a identity within the 
group (0 to 2), creating 504 unique physical cell identities. 
The primary synchronization signal (PSS) can be linked 

to the cell identity within the group N’. The secondary 
synchronization signal (SSS) can be linked to the cell 
identity group N' and the cell identity within the group 
N’. N’ can be obtained by successfully demodulating 
the PSS. The SSS can then be demodulated and combined 
with knowledge of N’ to obtain N'. Once the values 
of N' and N, have been established the cell identity 
N' can be determined. 
The PSS can be used in a detection of a carrier frequency, 

a detection of shared channel (SCH) (e.g., data channel) 
symbol timing, and/or an identification of a cell ID (0-2). 
The SSS can be used in a detection of a radio frame timing, 
a detection of a cell ID group (0-167) which can be com 
bined with the cell ID to generate the PCI (e.g., cell ID 
group+cell ID=PCI), and/or detection of cyclic prefix (CP) 
configuration. In an example, the PSS and SSS can be 
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4 
transmitted two times in a radio frame. In another example, 
the detection of the PSS and SSS can take over 5 millisec 
onds (ms). 

During the cell search, the wireless device can search for 
the PSS and SSS within the radio frames. On locking the 
PSS and SSS, the wireless device can identify the frame 
timing and the cell PCI. The PCI can be obtained by direct 
mapping from the PSS (which can represent one of three 
possible cell identities) and the SSS (which can represent 
one of 168 cell-group-identities). Once the wireless device 
synchronizes with a new cell, the wireless device can 
acquire the reference signals, which enables the wireless 
device to determine the received signal strength for mobility 
purposes. Such as cell reselection and/or handover. 

In an example, matched filtering can be used in the PCI 
search so that the received signal can be correlated with the 
possible sequences for the PSS. A possible sequence (e.g., a 
first cell IDs) can be multiplied by the received pattern, and 
the operation can be synchronized to a clock. A Subsequent 
integrator can add up the signal, and if an output agrees with 
the checked sequence, a tested sequence can indicate the 
sequence used for the PSS. If the output does not agree, the 
next sequences (e.g., next cell ID) can be multiplied by the 
pattern until the output agrees. With successful matched 
filtering, the device can identify the physical layer identity 
for the cell. In a roughly similar way, a correlator can be used 
to match the received signal with the possible sequences 
(0-167) for the secondary synchronization signal (SSS) to 
generate the physical layer cell identity group and compute 
the physical cell identity (PCI). With a broadcast of a small 
cell PCI list and/or range. The PCI searching (e.g., PSS and 
SSS detection process can be reduced) prior to measuring 
(e.g. RSRP and RSRO) the neighboring cells. 
As stated previously, the RSRP from the small cells can 

change more quickly than the RSRP from the macro cells for 
an equivalent distance traveled by the wireless device. When 
the wireless device is moving towards a small cell, the 
wireless device can suffer serious interference from the 
primary interferer (i.e., an approaching target Small cell), 
especially when the wireless device is traveling at a medium 
or high speed, before the macro node handovers communi 
cation to the target Small cell. A reason for the large 
interference can be that the RSRP from the small cell may 
be bigger than the PCell's RSRP when the wireless device 
is in the search process of searching the PCIs from the large 
number of PCIs candidates. 

Broadcasting a list and/or a range of PCIs of small cells 
can reduce the PCI candidates to search and help with small 
cell identification. In an example, the wireless device can 
search the list and/or range of PCIs of small cells before 
searching the remaining PCI candidates in the pool of 
available PCIs. The wireless device can include a single 
correlator or multiple correlators. In another example, when 
a wireless device has multiple correlators, the wireless 
device can search the PCIs of small cells with at least one 
correlator and remaining PCIs with at least another correla 
tor in parallel with higher priority on a search of the small 
cell PCIs. At least one correlator can perform the PCI search 
of small cells while at least one other correlator can perform 
the PCI search of remaining PCIs simultaneously. With the 
small cell list and/or the range of PCIs, the search time for 
small cell PCIs can be reduced. A macro node can broadcast 
a list of small cell PCIs within a vicinity (e.g., a selected 
proximity or area) of the macro node or a list of the small 
cell PCIs within the macro cell. When the wireless device is 
moving toward a small cell with a known PCI, the wireless 
device can optimize measurement and/or handover related 
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parameters, which can result in better reselection and/or 
handover performance. In addition, broadcasting the list of 
small cell PCIs to the wireless device can save battery power 
by skipping the cell reselection (of the PCI pool of candi 
dates) to small cells with PCIs on the list, if the wireless 
device is in RRC IDLE state and/or wireless device is 
moving at a high speed. In an example, the wireless device 
can use the small cell PCI list to skip handing over to small 
cells if the mobility speed is too high. With the small cell 
PCI list, the wireless device can use different weights on the 
PCIs in the small cell PCI list when performing a mobility 
state estimation (MSE). Using the small cell PCI list, the 
wireless device can use different handover parameters (e.g., 
different time-to-trigger (TTT) values if a handover is to 
Small cells). 
The small cell PCI list and/or range can be broadcast 

using various formats and/or processes. In a configuration, 
the small cell PCIs can be broadcast as a list of PCIs or a 
range of PCIS. The list can include a contiguous list or 
non-contiguous list of PCIS. Using a list can provide flex 
ibility, but may incur an additional cost of signaling over 
head. For example, the node (e.g., macro node or eNB) can 
periodically broadcasts the list of the PCI(s) of the neigh 
boring Small cells using system information blocks (SIBs) 
which can be transmitted on a downlink shared channel 
(DL-SCH). Table 1 illustrates an example small cell PCI list 
with neighboring small cell and their associated PCIs. The 
list can be included in an IE or other designator. 

TABLE 1. 

Neighbor Cell PCI 

1 102 
2 337 
3 338 
4 401 
5 402 

The list can be included in an information element (IE) or 
other designator. 
The small cell PCIs can also be broadcast as a range. A 

range can use less signaling than a list and can be encoded 
by using a start value and by indicating the number of 
consecutive physical cell identities (e.g., including or 
excluding the start value) in the range. The small cell PCI list 
and/or range can be included in an information element (IE). 
such as a mobility control IE. For example, IE PhysCellId 
Range in LTE can be used to indicate the PCI range of small 
cells. In the IE PhysCellIdRange, the range value can 
include an enumerated type with a set range elements with 
relatively large values (e.g., n.4, n.8, n12, n16, n24, n32, na8, 
nó4, n.84, n96, n128, n168, n252, n504, spare2, and spare 1, 
where "n4” represents the start value PCI (PhysCelld) and 
3 PCIs after a start value, “n8” represents the start value PCI 
(PhysCelld) and 7 PCIs after a start value, and so forth). 
Since the set of range values of the IE PhysCellIdRange may 
not be optimized to indicate a small number of PCIs, another 
IE can be used to define a small cell PCI range (e.g., IE 
SmallCellPhysCelldRange) with a smaller set of range 
values than the IE PhysCellIdRange. FIG. 2 illustrates an 
example abstract syntax notation one (ASN.1) code for the 
IE SmallCellPhysCellIdRange, where the smaller set of 
range values can include a smaller increments of ranges, 
Such as n2, n3, n.4, n5, né, n7, n.8, n9, n.10, n12, n14, n16, 
n20, n24, spare2, and sparel) which can reduce the PCI 
searching. The IE SmallCellPhysCellIdRange can include 
the range and start field descriptions. The range can indicate 
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6 
the number of physical cell identities in the range (including 
start). A value na can correspond with 4, n8 corresponds 
with 8 and so on. A UE can apply value 1 in case the field 
is absent, in which case the physical cell identity value 
indicated by start applies. The start can indicate the lowest 
physical cell identity in the range. 

In another example, a special case of indicating PCIS in a 
range can be to partition PCIS to two parts as either macro 
cells or non-macro cell (e.g., Small cells). For example, the 
macro cells can share two thirds of the PCIs (O-335) while 
the non-macro cells (e.g., Small cells) can share one third of 
the PCIs (336-503). In the two part partitioning example, the 
threshold value (e.g., 335) representing the PCI partitioning 
can be broadcasted by the node in a SIB (without an explicit 
range broadcasted). 

In another configuration, the small cell PCIs can be 
broadcasted as a number of types of small cells. For 
example, all types of Small cells can be classed as one 
category (e.g., “small cells') and the node can broadcast the 
small cell PCI list and/or range associated with the category 
of Small cells. In another example, Small cells can be 
separated as several different types of small cells and the 
node can broadcast the list of small cell PCIs in each type 
separately. For example, the Small cell type can be indicated 
abstractly (e.g., type 1 or type 2) or the Small cell type can be 
indicated concretely (e.g., pico or RRH). The wireless 
device operation can be defined when receiving the Small 
cell types or detecting the small cell types. The small cell 
categories or types can be included in an IE, a field descrip 
tion, or other designator. 

In another configuration, the relationship between the 
PCIs of small cells and a closed subscriber group (CSG) 
cells can be defined. A CSG cell can provide restricted 
access to the node by a selected number of wireless devices 
(e.g., users). In an example, the Small cell PCIS can be 
exclusive to the CSG cell PCIs, so a cell can either be 
designated as a CSG cell or a small cell, but not both 
simultaneously. The PCIs of CSG cells can be broadcast in 
SIB type 4 (SIB4) as csg-PhysCellIdRange. For example, 
when an overlap of PCIs broadcast between the PCIs of 
small cells and the PCIs of CSG cells occur, the overlapping 
PCIs can be considered to belong to small cells (i.e., not 
CSG cells). In another example, the overlapping PCIs can be 
considered to belong to CSG cells (i.e., not small cells). 

In another configuration, a validity time or an expiration 
time can be associated with the broadcasted Small cell PCIs. 
For example, the validity time of the broadcasted small cell 
PCIs can last for a specified time (e.g., 24 hours). After the 
duration of the validity time or upon the expiration time (or 
before the validity time expires), the wireless device can 
reacquire the small cell PCI list. The time validity can place 
a time duration on the validity of the received small cell list. 
Alternatively, a validity time may not be defined, and the 
wireless device can consider the broadcasted small cell PCIs 
applicable until a different small cell PCI list is broadcasted 
by the node. The small cell PCI list and/or range can be 
broadcasted periodically to wireless devices within a macro 
cell. 
The described configurations can be combined into vari 

ous combinations. For example, FIG. 3 illustrates a radio 
resource control (RRC) information element (IE) system 
information block (SIB) type 4 (SIB4) with a intraFreq 
NeighSmallCellPhysCelldList field, where the small cell 
PCIS can be indicated as a list considering Small cells as one 
type, considering overlapping SCG and small cell PCIs 
belonging to Small cells, and not defining validity time. The 
SIB4 (e.g., System InformationBlockType4) can include a 
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csg-PhysCellIdRange, an intraFreq31ackCellList, an intra 
FreqNeighboellList, a q-OffsetCell, and an intraFreq 
NeighSmallCellPhysCellIdList field descriptions. The csg 
PhysCellIdRange can include a set of physical cell identities 
reserved for CSG cells on a frequency on which the csg 
PhysCellIdRange was received. The received csg-PhysCel 
IIdRange can apply if less than 24 hours has elapsed since 
the csg-PhysCellIdRange was received and the csg-Phys 
CellIdRange was received in the same primary PLMN. A 3 
hour validity restriction may not apply the csg-PhysCellId 
Range. The intraFreqBlackCellList can provide a list of 
blacklisted intra-frequency neighboring cells. The intraFreq 
NeighbCellList can provide a list of intra-frequency neigh 
boring cells with specific cell re-selection parameters. The 
q-OffsetCell can include the parameter “Qoffset,”. The 
intraFreqNeighSmallCellPhysCellIdList can provide a list 
of physical cell identities (PCIs) of the intra-frequency 
neighboring Small cells. The PCIS overlapping with csg 
PhysCellIdRange can belong to small cells. In another 
example, the PCIs overlapping with csg-PhysCellIdRange 
can belong to CSG cells. 

Another example provides a method 500 for partitioning 
small cell physical-layer cell identities (PCI) at a node in a 
heterogeneous network (HetNet), as shown in the flow chart 
in FIG. 4. The method may be executed as instructions on a 
machine, where the instructions are included on at least one 
computer readable medium or one non-transitory machine 
readable storage medium. The method includes the opera 
tion of identifying at a node at least one small cell PCI of a 
plurality of Small cells in a macro cell, wherein each Small 
cell PCI is associated with a low power node (LPN) in the 
HetNet, as in block 510. The operation of generating a small 
cell PCI list to include the at least one small cell PCI follows, 
as in block 520. The next operation of the method can be 
broadcasting the small cell PCI list from the node to a 
wireless device, as in block 530. 

In an example, the small cell PCI list can be configured to 
reduce a number of small cell PCI candidates for the 
wireless device to search to the small cell PCIs in the small 
cell PCI list. The small cell PCI list can include a plurality 
of non-consecutive Small cell PCIS or a range of consecutive 
small cell PCIs. In another example, the small cell PCI list 
can include a PCI start value for a PCI and a PCI range for 
a number of PCIs to search after the PCI start value. The 
operation of broadcasting the small cell PCI list can further 
include broadcasting the small cell PCI list in a mobility 
control information element (IE) SmallCellPhysCellId 
Range or a mobility control IE PhysCellIdRange. A set of 
range elements of the IE SmallCellPhysCellIdRange can 
have Smaller values than a set of range elements of an IE 
PhysCellIdRange. In another example, the operation of 
broadcasting the small cell PCI list can further include 
broadcasting the small cell PCI list in a radio resource 
control (RRC) information element (IE) master information 
block (MIB) type 4 configured to include a list of PCIs of 
intra-frequency neighboring Small cells (e.g., a intraFreq 
NeighSmallCellPhysCellIdList). In an example, the small 
cell PCI list can include a small cell category value (e.g., 
type 1, type 2, pico, or RRH), where the small cell category 
value specifies the PCIs associated with a small cell type. 
The method can further include the node broadcasting a 
closed subscribergroup (CSG) range to a wireless device. In 
an example, the small cell PCI list can include a validity time 
of the received small cell PCI list, where the validity time 
can specify an expiration time by which time to acquire an 
updated small cell PCI list. 
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8 
Another example provides a method 600 for searching a 

reduced number of small cell physical-layer cell identity 
(PCI) candidates in a search pool at a wireless device in a 
heterogeneous network (HetNet), as shown in the flow chart 
in FIG. 5. The method may be executed as instructions on a 
machine, where the instructions are included on at least one 
computer readable medium or one non-transitory machine 
readable storage medium. The method includes the opera 
tion of receiving a small cell PCI list from a serving node at 
a wireless device, wherein the small cell PCI list identifies 
at least one small cell PCI to search and each small cell PCI 
is associated with a low power node (LPN) in the HetNet, as 
in block 610. The operation of searching a reduced number 
of PCIs based on the small cell PCI list follows, as in block 
620. 
The small cell PCI list can include a plurality of non 

consecutive Small cell PCIS or a range of consecutive Small 
cell PCIs. In another example, the small cell PCI list can 
include a PCI start value for a PCI and a PCI range for a 
number of PCIS to search after the PCI start value. The 
operation of receiving the small cell PCI list can further 
include receiving the small cell PCI list broadcast in a 
mobility control information element (IE) SmallCellphys 
CellIdRange or a mobility control IE PhysCellIdRange. A 
set of range elements of the IE SmallCellphysCellIdRange 
can have Smaller values than a set of range elements of an 
IE PhysCellIdRange. In another example, the operation of 
receiving the small cell PCI list can further include receiving 
the small cell PCI list broadcast in a radio resource control 
(RRC) information element (IE) master information block 
(MIB) type 4 configured to include a list of PCIs of 
intra-frequency neighboring small cells (e.g., a intraFreq 
NeighSmallCellPhysCellIdList). In an example, the small 
cell PCI list can include a small cell category value (e.g., 
type 1, type 2, pico, or RRH), where the small cell category 
value specifies the PCIs associated with a small cell type. 
The method can further include the wireless device receiv 
ing a closed subscriber group (CSG) range from the serving 
node. The operation of searching the reduced number of 
PCIs can further include searching an overlap of PCIs 
specified in the small cell PCI list and the CSG range. In 
another example, the operation of searching the reduced 
number of PCIs can further include excluding the PCIs 
specified in the CSG range from the PCIs specified in the 
small cell PCI list in the search. The operation of searching 
the reduced number of PCIs can be based on a validity time 
of the received small cell PCI list. The validity time can 
specify an expiration time by which time to acquire an 
updated small cell PCI list. In another example, the opera 
tion of searching the reduced number of PCIs can be 
triggered when a primary cells reference signal received 
power (RSRP) or reference signal received quality (RSRO) 
falls below a specified threshold. The operation of searching 
the reduced number of PCIs can use a reference signal 
received power (RSRP) or a reference signal received qual 
ity (RSRO) derived from a reference signal (RS), such as a 
primary synchronization signal (PSS) or a secondary Syn 
chronization signal (SSS). 

FIG. 6 illustrates example nodes and an example wireless 
device 730 in a heterogeneous network (HetNet). The can 
include a macro node 210 (e.g., macro-eNB) or a low power 
node 220 (e.g., micro-eNB, a pico-eNB, a femto-eNB, or a 
HeNB). The nodes can include a PCI partitioning device 712 
and 722, and the PCI partitioning device can include a 
downlink broadcasting module 716 and 726 and a PCI 
partitioning module 714 and 724. The PCI partitioning 
module can be configured to identify at least one Small cell 
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PCI of a plurality of small cells in a macro cell, and generate 
a small cell PCI list to include the at least one small cell PCI. 
Each small cell PCI can be associated with a low power node 
(LPN) in the HetNet. The downlink broadcasting module 
can be configured to broadcast the small cell PCI list from 
the node to a wireless device. In an example, the Small cell 
PCI list can be used to reduce a number of small cell PCI 
candidates for the wireless device to search to the small cell 
PCIS in the Small cell PCI list. The Small cell PCI list can 
include a plurality of non-consecutive small cell PCIs, a 
range of consecutive small cell PCIs, a PCI start value for a 
PCI and a PCI range for a number of PCIs to search after the 
PCI start value, and/or a small cell category value. The small 
cell category value can specify the PCIs associated with a 
Small cell type. 
The wireless device 230 (e.g., UE) can be in communi 

cation with the nodes 210 and 220 (e.g., eNB or LPN). The 
wireless device can include a PCI searching device 732, and 
the PCI searching device can include a downlink receiving 
module 734 and a PCI searching module 736. In an example, 
the PCI searching device can include a timing module 738. 
The PCI searching device can be configured for searching a 
reduced number of small cell PCI candidates in a search pool 
at a wireless device in a heterogeneous network (HetNet). 
The downlink receiving module can be configured to receive 
a small cell PCI list from a serving node at a wireless device. 
The small cell PCI list can identify at least one small cell PCI 
to search and each small cell PCI can be associated with a 
low power node (LPN) in the HetNet. The PCI searching 
module can be configured to search a reduced number of 
PCIS based on the Small cell PCI list. 
The small cell PCI list can include a plurality of non 

consecutive Small cell PCIS, a range of consecutive Small 
cell PCIs, a PCI start value for a PCI and a PCI range for a 
number of PCIs to search after the PCI start value, and/or a 
Small cell category value. The Small cell category value can 
specify the PCIs associated with a small cell type. The 
downlink receiving module can be further configured to 
receive the small cell PCI list in a mobility control infor 
mation element (IE) SmallCellPhysCellIdRange or a radio 
resource control (RRC) information element (IE) master 
information block (MIB) type 4 configured to include a list 
of PCIs of intra-frequency neighboring small cells. A set of 
range elements of the IE SmallCellPhysCellIdRange can 
have Smaller values than a set of range elements of an IE 
PhysCellIdRange. In another example, the downlink receiv 
ing module can be further configured to receive a closed 
subscriber group (CSG) range from the serving node. The 
PCI searching module can be further configured to search 
the reduced number of PCIs by searching an overlap of PCIs 
specified in the small cell PCI list and the CSG range or by 
excluding the PCIs specified in the CSG range from the PCIs 
specified in the small cell PCI list in the search. In an 
example, the PCI searching module can be further config 
ured to search the reduced number of PCIs after a primary 
cells reference signal received power (RSRP) or reference 
signal received quality (RSRO) falls below a specified 
threshold. The timing module can be configured to count a 
validity time of the received small cell PCI list. The validity 
time can specify an expiration time by which time to acquire 
an updated small cell PCI list. The wireless device can 
include a user equipment (UE) and a mobile station (MS). 
The wireless device can configured to connect to at least one 
of a wireless local area network (WLAN), a wireless per 
sonal area network (WPAN), and a wireless wide area 
network (WWAN). The wireless device can include an 
antenna, a touch sensitive display screen, a speaker, a 
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10 
microphone, a graphics processor, an application processor, 
internal memory, or a non-volatile memory port. 

FIG. 7 provides an example illustration of the wireless 
device. Such as a user equipment (UE), a mobile station 
(MS), a mobile wireless device, a mobile communication 
device, a tablet, a handset, or other type of mobile wireless 
device. The wireless device can include one or more anten 
nas configured to communicate with a node, Such as a macro 
node, a low power node (LPN), or, transmission station, 
such as a base station (BS), an evolved Node B(eNB), a base 
band unit (BBU), a remote radio head (RRH), a remote radio 
equipment (RRE), a relay station (RS), a radio equipment 
(RE), or other type of wireless wide area network (WWAN) 
access point. The wireless device can be configured to 
communicate using at least one wireless communication 
standard including 3GPP LTE, WiMAX, High Speed Packet 
Access (HSPA), Bluetooth, and WiFi. The wireless device 
can communicate using separate antennas for each wireless 
communication standard or shared antennas for multiple 
wireless communication standards. The wireless device can 
communicate in a wireless local area network (WLAN), a 
wireless personal area network (WPAN), and/or a WWAN. 

FIG. 7 also provides an illustration of a microphone and 
one or more speakers that can be used for audio input and 
output from the wireless device. The display screen may be 
a liquid crystal display (LCD) screen, or other type of 
display screen Such as an organic light emitting diode 
(OLED) display. The display screen can be configured as a 
touch screen. The touch screen may use capacitive, resistive, 
or another type of touch screen technology. An application 
processor and a graphics processor can be coupled to 
internal memory to provide processing and display capa 
bilities. A non-volatile memory port can also be used to 
provide data input/output options to a user. The non-volatile 
memory port may also be used to expand the memory 
capabilities of the wireless device. A keyboard may be 
integrated with the wireless device or wirelessly connected 
to the wireless device to provide additional user input. A 
virtual keyboard may also be provided using the touch 
SCC. 

Various techniques, or certain aspects or portions thereof. 
may take the form of program code (i.e., instructions) 
embodied in tangible media, Such as floppy diskettes, CD 
ROMs, hard drives, non-transitory computer readable stor 
age medium, or any other machine-readable storage medium 
wherein, when the program code is loaded into and executed 
by a machine. Such as a computer, the machine becomes an 
apparatus for practicing the various techniques. In the case 
of program code execution on programmable computers, the 
computing device may include a processor, a storage 
medium readable by the processor (including volatile and 
non-volatile memory and/or storage elements), at least one 
input device, and at least one output device. The Volatile and 
non-volatile memory and/or storage elements may be a 
RAM, EPROM, flash drive, optical drive, magnetic hard 
drive, or other medium for storing electronic data. The node 
and wireless device may also include a transceiver module, 
a counter module, a processing module, and/or a clock 
module or timer module. One or more programs that may 
implement or utilize the various techniques described herein 
may use an application programming interface (API), reus 
able controls, and the like. Such programs may be imple 
mented in a high level procedural or object oriented pro 
gramming language to communicate with a computer 
system. However, the program(s) may be implemented in 
assembly or machine language, if desired. In any case, the 
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language may be a compiled or interpreted language, and 
combined with hardware implementations. 

It should be understood that many of the functional units 
described in this specification have been labeled as modules, 
in order to more particularly emphasize their implementa 
tion independence. For example, a module may be imple 
mented as a hardware circuit comprising custom VLSI 
circuits or gate arrays, off-the-shelf semiconductors such as 
logic chips, transistors, or other discrete components. A 
module may also be implemented in programmable hard 
ware devices such as field programmable gate arrays, pro 
grammable array logic, programmable logic devices or the 
like. 

Modules may also be implemented in software for execu 
tion by various types of processors. An identified module of 
executable code may, for instance, comprise one or more 
physical or logical blocks of computer instructions, which 
may, for instance, be organized as an object, procedure, or 
function. Nevertheless, the executables of an identified 
module need not be physically located together, but may 
comprise disparate instructions stored in different locations 
which, when joined logically together, comprise the module 
and achieve the stated purpose for the module. 

Indeed, a module of executable code may be a single 
instruction, or many instructions, and may even be distrib 
uted over several different code segments, among different 
programs, and across several memory devices. Similarly, 
operational data may be identified and illustrated herein 
within modules, and may be embodied in any suitable form 
and organized within any suitable type of data structure. The 
operational data may be collected as a single data set, or may 
be distributed over different locations including over differ 
ent storage devices, and may exist, at least partially, merely 
as electronic signals on a system or network. The modules 
may be passive or active, including agents operable to 
perform desired functions. 

Reference throughout this specification to “an example' 
means that a particular feature, structure, or characteristic 
described in connection with the example is included in at 
least one embodiment of the present invention. Thus, 
appearances of the phrases "in an example in various places 
throughout this specification are not necessarily all referring 
to the same embodiment. 
As used herein, a plurality of items, structural elements, 

compositional elements, and/or materials may be presented 
in a common list for convenience. However, these lists 
should be construed as though each member of the list is 
individually identified as a separate and unique member. 
Thus, no individual member of such list should be construed 
as a de facto equivalent of any other member of the same list 
solely based on their presentation in a common group 
without indications to the contrary. In addition, various 
embodiments and example of the present invention may be 
referred to herein along with alternatives for the various 
components thereof. It is understood that such embodiments, 
examples, and alternatives are not to be construed as defacto 
equivalents of one another, but are to be considered as 
separate and autonomous representations of the present 
invention. 

Furthermore, the described features, structures, or char 
acteristics may be combined in any suitable manner in one 
or more embodiments. In the following description, numer 
ous specific details are provided. Such as examples of 
layouts, distances, network examples, etc., to provide a 
thorough understanding of embodiments of the invention. 
One skilled in the relevant art will recognize, however, that 
the invention can be practiced without one or more of the 
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12 
specific details, or with other methods, components, layouts, 
etc. In other instances, well-known structures, materials, or 
operations are not shown or described in detail to avoid 
obscuring aspects of the invention. 

While the forgoing examples are illustrative of the prin 
ciples of the present invention in one or more particular 
applications, it will be apparent to those of ordinary skill in 
the art that numerous modifications in form, usage and 
details of implementation can be made without the exercise 
of inventive faculty, and without departing from the prin 
ciples and concepts of the invention. Accordingly, it is not 
intended that the invention be limited, except as by the 
claims set forth below. 

What is claimed is: 
1. A method for partitioning Small cell physical-layer cell 

identities (PCI) at a node in a heterogeneous network 
(HetNet), comprising: 

identifying at a node at least one small cell PCI of a 
plurality of Small cells in a macro cell, wherein each 
small cell PCI is associated with a low power node 
(LPN) in the HetNet: 

generating a small cell PCI list to include the at least one 
Small cell PCI; 

broadcasting the small cell PCI list from the node to a 
wireless device; and 

sending a closed subscriber group (CSG) range from the 
node to the wireless device, wherein the wireless 
device is configured to search a reduced number of 
PCIs by searching an overlap of PCIs specified in the 
small cell PCI list and the CSG range or by excluding 
the PCIs specified in the CSG range from the PCIS 
specified in the small cell PCI list in the search. 

2. The method of claim 1, wherein the small cell PCI list 
includes one of: 

a plurality of non-consecutive small cell PCIs; and 
a range of consecutive small cell PCIs. 
3. The method of claim 1, wherein the small cell PCI list 

includes a PCI start value for a PCI and a PCI range for a 
number of PCIs to search after the PCI start value. 

4. The method of claim 1, wherein broadcasting the small 
cell PCI list further comprises broadcasting the small cell 
PCI list in a mobility control information element (IE) 
SmallCellPhysCellIdRange or a mobility control IE Phys 
CellIdRange, wherein a set of range elements of the IE 
SmallCellPhysCellIdRange have smaller values than a set of 
range elements of an IE PhysCellIdRange. 

5. The method of claim 1, wherein broadcasting the small 
cell PCI list further comprises broadcasting the small cell 
PCI list in a radio resource control (RRC) information 
element (IE) system information block type4 (SIB4) con 
figured to include a list of PCIs of intra-frequency neigh 
boring Small cells. 

6. The method of claim 1, wherein the small cell PCI list 
includes a Small cell category value, wherein the Small cell 
category value specifies the PCIs associated with a small cell 
type. 

7. The method claim 1, further comprising: 
broadcasting a closed Subscribergroup (CSG) range from 

the node to a wireless device. 
8. The method of claim 1, wherein the small cell PCI list 

includes a validity time of the received small cell PCI list, 
wherein the validity time specifies an expiration time by 
which time to acquire an updated small cell PCI list. 

9. At least one non-transitory machine readable medium 
comprising a plurality of instructions adapted to be executed 
to implement the method of claim 1. 
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10. A physical-layer cell identity (PCI) partitioning device 
for partitioning Small cell PCIS at a node in a heterogeneous 
network (HetNet), comprising: 

a PCI partitioning module configured to identify at least 
one small cell PCI of a plurality of small cells in a 5 
macro cell, and generate a small cell PCI list to include 
the at least one small cell PCI, wherein each small cell 
PCI is associated with a low power node (LPN) in the 
HetNet, wherein the PCI partitioning module is com 
prised of code that is located in one or more digital 10 
memory devices to be executed by one or more pro 
cessors or the PCI partitioning module is implemented 
in one or more hardware circuits; and 

a downlink broadcasting module configured to: 
broadcast the small cell PCI list from the node to a 15 

wireless device; and 
send a closed subscriber group (CSG) range from the 

node to the wireless device, wherein the wireless 
device is configured to search a reduced number of 
PCIs by searching an overlap of PCIs specified in the 20 
small cell PCI list and the CSG range or by excluding 
the PCIs specified in the CSG range from the PCIs 
specified in the small cell PCI list in the search, 

wherein the downlink broadcasting module is comprised 
of code that is located in one or more digital memory 25 
devices to be executed by one or more processors or the 
downlink broadcasting module is implemented in one 
or more hardware circuits. 

11. The PCI partitioning device of claim 10, wherein the 
small cell PCI list includes a plurality of non-consecutive 30 
small cell PCIs, a range of consecutive small cell PCIs, a 
PCI start value for a PCI and a PCI range for a number of 
PCIs to search after the PCI start value, a small cell category 
value, or combination thereof, wherein the small cell cat 
egory value specifies the PCIs associated with a small cell 35 
type. 

12. A method for searching a reduced number of small cell 
physical-layer cell identity (PCI) candidates in a search pool 
at a wireless device in a heterogeneous network (HetNet), 
comprising: 40 

receiving a small cell PCI list from a serving node at a 
wireless device, wherein the small cell PCI list identi 
fies at least one small cell PCI to search and each small 
cell PCI is associated with a low power node (LPN) in 
the HetNet: 45 

searching a reduced number of PCIs based on the small 
cell PCI list: 

receiving a closed Subscribergroup (CSG) range from the 
serving node, and 

searching the reduced number of PCIs by searching an 50 
overlap of PCIs specified in the small cell PCI list and 
the CSCE range or by excluding the PCIs specified in 
the CSG range from the PCIS specified in the small cell 
PCI list in the search. 

13. The method of claim 12, wherein the small cell PCI 55 
list includes one of: 

a plurality of non-consecutive small cell PCIs; and 
a range of consecutive small cell PCIs. 
14. The method of claim 12, wherein the small cell PCI 

list includes a PCI start value for a PCI and a PCI range for 60 
a number of PCIs to search after the PCI start value. 

15. The method of claim 12, wherein the small cell PCI 
list is broadcast in a mobility control information element 
(IE) SmallCellPhysCellIdRange, wherein a set of range 
elements of the IE SmallCellPhysCellIdRange have smaller 65 
values than a set of range elements of an IE PhysCellId 
Range. 

14 
16. The method of claim 12, wherein the small cell PCI 

list is broadcast in a radio resource control (RRC) informa 
tion element (IE) master information block (MIB) type 4 
configured to include a list of PCIs of intra-frequency 
neighboring Small cells. 

17. The method of claim 12, wherein the small cell PCI 
list includes a small cell category value, wherein the Small 
cell category value specifies the PCIs associated with a small 
cell type. 

18. The method of claim 12, wherein searching the 
reduced number of PCIs is based on a validity time of the 
received small cell PCI list, wherein the validity time 
specifies an expiration time by which time to acquire an 
updated small cell PCI list. 

19. The method of claim 12, wherein searching the 
reduced number of PCIs is triggered when a primary cells 
reference signal received power (RSRP) or reference signal 
received quality (RSRO) falls below a specified threshold. 

20. The method of claim 12, wherein searching the 
reduced number of PCIs uses a reference signal received 
power (RSRP) or a reference signal received quality 
(RSRO) derived from a reference signal (RS) selected from 
the group consisting of a primary synchronization signal 
(PSS), a secondary synchronization signal (SSS), and com 
binations thereof. 

21. At least one non-transitory machine readable medium 
comprising a plurality of instructions adapted to be executed 
to implement the method of claim 12. 

22. A physical-layer cell identity (PCI) searching device 
for searching a reduced number of small cell PCI candidates 
in a search pool at a wireless device in a heterogeneous 
network (HetNet), comprising: 

a downlink receiving module configured to receive a 
small cell PCI list from a serving node at a wireless 
device, wherein the small cell PCI list identifies at least 
one small cell PCI to search and each small cell PCI is 
associated with a low power node (LPN) in the HetNet, 
wherein the downlink receiving module is comprised of 
code that is located in one or more digital memory 
devices to be executed by one or more processors or the 
downlink receiving module is implemented in one or 
more hardware circuits; and 

a PCI searching module configured to search a reduced 
number of PCIs based on the small cell PCI list, 
wherein the PCI searching module is comprised of code 
that is located in one or more digital memory devices 
to be executed by one or more processors or the PCI 
searching module is implemented in one or more 
hardware circuits, 

wherein the downlink receiving module is further config 
ured to receive a closed subscriber group (CSG) range 
from the serving node, and the PCI searching module 
is further configured to search the reduced number of 
PCIs by searching an overlap of PCIs specified in the 
small cell PCI list and the CSG range or by excluding 
the PCIs specified in the CSG range from the PCIs 
specified in the small cell PCI list in the search. 

23. The PCI searching device of claim 22, wherein the 
small cell PCI list includes a plurality of non-consecutive 
small cell PCIs, a range of consecutive small cell PCIs, a 
PCI start value for a PCI and a PCI range for a number of 
PCIs to search after the PCI start value, a small cell category 
value, or combination thereof, wherein the small cell cat 
egory value specifies the PCIs associated with a small cell 
type. 

24. The PCI searching device of claim 22, wherein the 
downlink receiving module is further configured to receive 
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the small cell PCI list in a mobility control information 
element (IE) SmallCellPhysCellIdRange or a radio resource 
control (RRC) information element (IE) master information 
block (MIB) type 4 configured to include a list of PCIs of 
intra-frequency neighboring small cells, wherein a set of 5 
range elements of the IE SmallCellPhysCellIdRange have 
Smaller values than a set of range elements of an IE 
PhysCellIdRange. 

25. The PCI searching device of claim 22, further com 
prising: 

a timing module configured to count a validity time of the 
received small cell PCI list, wherein the validity time 
specifies an expiration time by which time to acquire an 
updated small cell PCI list, wherein the timing module 
is comprised of code that is located in one or more 
digital memory devices to be executed by one or more 
processors or the timing module is implemented in one 
or more hardware circuits. 

16 
26. The PCI searching device of claim 22, wherein the 

PCI searching module is further configured to search the 
reduced number of PCIs after a primary cell’s reference 
signal received power (RSRP) or reference signal received 
quality (RSRO) falls below a specified threshold. 

27. The PCI searching device of claim 22, wherein the 
wireless device includes the PCI searching device and the 
wireless device is selected from the group consisting of a 
user equipment (UE) and a mobile station (MS), wherein the 
wireless device is configured to connect to at least one of a 
wireless local area network (WLAN), a wireless personal 
area network (WPAN), and a wireless wide area network 
(WWAN), wherein the wireless device includes an antenna, 
a touch sensitive display Screen, a speaker, a microphone, a 
graphics processor, an application processor, internal 
memory, a non-volatile memory port, or combinations 
thereof. 


